Characterization of HCN and cardiac function in a colonial ascidian.
Hyperpolarization-activated, cyclic nucleotide-gated (HCN) channels generate the rhythmic beating of mammalian hearts. We identified an HCN homolog in the colonial ascidian Botryllus schlosseri, a nonvertebrate chordate which possesses a tubular heart that beats bidirectionally. Contractions initiate at one end of the heart and travel across the length of the organ, and these periodically reverse, suggesting the presence of two pacemakers, one on each side. We find that HCN expression is highly enriched in cells scattered throughout the myocardium. We functionally analyzed the role of HCN channels in heartbeat using the antagonists Cilobradine and Zatebradine, which decreased the heartbeat in a reversible manner. We also assessed the role of β-adrenoreceptors in regulating HCN function using the antagonist Metoprolol, which lowered heartbeat rate (HR), as well as the agonist Isoproterenol, which did not alter HR, but caused simultaneous beating, analogous to a fibrillation. Measurements of direction and velocity of blood flow by making use of a novel system to study heart function in model systems amenable to live imaging revealed a significant correlation between heartbeat arrhythmia and drug treatment, similar to that observed with the same drugs in vertebrates. These results suggest that the heart pacemaker in tunicates may be homologous to that in their vertebrate counterparts in both development and function.